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Abstract  
Grout is a particularly fluid form of concrete used to fill gaps. It is generally 
a mixture of water, cement, and sand which can be employed in 
pressure grouting, embedding rebar in masonry walls, connecting 
sections of precast concrete, filling voids, and sealing joints such as those 
between tiles. It is well known that the strength of grout is influenced by 
many factors such as the quality of raw materials, water/cement ratio 
and coarse/fine aggregate ratio. Inaccurate estimation of one or more 
of these factors inevitably leads to poor grout (or lower-than-expected 
grout strength).  The objective of this paper is to review the methods to 
optimise, improve and enhance the performance and workability of 
cement grout in concrete repair. Previous studies have stated that the 
performance and workability of cement grout are influenced by the type 
of admixture added and the properties of cement grout. Different 
cement grout properties will result in different strength values.  
Keywords—grout, strength, rheological properties, repair. 
1. Introduction 
The use of grouting materials and grouting techniques are widely used 
in the construction sector today. Based on previous records, cement-
based grout or self-compacting repair mortar have been used widely 
since the 1800s and earlier [1, 2]. Grouting is a fluid injection process that 
is inserted into cracks or voids [3, 4]. At present, a number of grout 
materials have been used including cement, cement and sand, clay 
cement, slag cement, gypsum-cement, epoxy-polymer, clay-asphalt, 
crushed ash and a large number of colloidal chemicals with low 
viscosity [5]. Cement grout with high flow capacity is widely used in 
concrete recovery work due to its flow behavior and self-compaction 
ability. It can easily flow into fine cracks and cracks caused by instability. 
High fluctuations from cement grout are an important requirement for 
cohesion or high separation resistance in homogeneous mixtures. 
Because liquid cement grout can be fully compacted without vibration, 
the use of solid slurry can reduce the cost of labour and machinery, 
increase compaction and thereby increase the resistance of the critical 
cover zone of structural members [1, 2].  Grout flow properties are 
affected by a large number of parameters including binder content, 
type and composition, high range water reducer (HRWR) type, 
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water/binder ratio (w/b) as well as environmental conditions (mainly 
moisture and temperature), water temperature, mixing time, mixer type 
and mixing sequence [1,2]. A suitable grout composition, together with 
the flow capacity and the ability to fill voids, will regulate the injection or 
placing quality1. Injection grouts based on cement are colloidal 
suspensions in which particle interactions may lead to the formation of 
various microstructures. Depending on how such structures respond to 
applied shear stress or strain rate, different types of macroscopic flow 
behavior can be observed. The usual ways to describe the steady state 
flow of fresh grouts include Bingham, Herschel–Bulkley, Ellis, Casson or 
Eyring rheological models [5]. With these models, it is possible to obtain 
grout rheological parameters which represent a first order performance 
indicator for the ease of placing or injection2. High fluidity and the 
stability of cement grouts are also the main requested properties for 
diverse grouting applications including anchorage, ground treatment, 
rock or soil permeability reduction, concrete repair and oil well 
completion [2]. To ensure high fluidity, stability and adequate 
mechanical properties, chemical admixtures such as High Range Water 
Reducing Admixtures (HRWRA) and viscosity modifying admixtures 
(VMA) are used separately or together in grout mixes with the aim of 
obtaining appropriate properties such as shear-thinning [6–8] or shear-
thickening [9,10] behaviour depending on parameters such as solid 
concentration (water/cement ratio), interaction between particles, size 
and shape of grains [3]. The objective of this paper is to study the 
properties of cement grout that influence its strength. Previous studies on 
cement grout performance were reviewed in this paper to prove that 
admixtures can affect cement grout performance. 
 
2. Cement Grout Containing Epoxy 
Two types of grouts namely, cement grout and polymer grout are 
commercially available. This section focuses more on polymer grout that 
contains epoxy constituents. According to D.W. Fowler [11], epoxy resins 
with curing agents have been widely used. The aggregates are 
generally similar to those used in Portland cement concrete where they 
must be cleaned, dried and graded well. There are literally hundreds of 
epoxy resins which can be combined with a large number of curing 
agents, fillers, and other chemicals. Precautions must be taken during 
the handling of epoxy formulations where workers should wear Personal 
Protective Equipment (PPE). Skin which come into contact with epoxy 
should immediately be cleaned with soap and water. It is very important 
that the manufacturer’s instructions be carefully followed. Generally, its 
storage should follow the same guidelines as those for monomers and 
resins. It should be noted that epoxies tend to become more viscous at 
low temperatures, making mixing more difficult. Y. Ohama [12] stated 
                                                          
1
 (Bras et.al, 2013) 
2
 (Bras et.al, 2013) 
Concrete Technology: Research and Application Series 1 
  
117 
 
that a polymer composite can be reused to produce ecologically safe 
and energy-saving material. 
 
Epoxy resin systems, especially water-soluble epoxy resins, are one of the 
principal resins used for the production of polymer-modified concretes 
and mortars [13]. These can be used by themselves or in combination 
with cement for suitable solutions in construction or building restoration 
[14,15]. In particular, epoxy resins have the advantages stated by 
Costas [13] where they are able to increase workability and at the same 
time reduce segregation as well as bleeding. They are also able to 
increase resistance towards freezing and thawing, resistance to acid 
corrosion, compressive, flexural and tensile strengths as well as ductility. 
However, they reduce permeability, chloride-ion penetration and 
shrinkage. Costas [13} conducted a series of laboratory tests to 
investigate the influence of epoxy resin on the physical and mechanical 
properties of thick superplasticizer cement grouts of different water to 
cement (w/c) ratios. The results showed the development of 
compressive strength and splitting tensile strength of various grout 
mixtures increased during the curing period of up to 90 days. High 
strength depends on the water-cement ratio. However, extended 
curing time may cause a reduction in strength. To summarise, the 
strength of epoxy resin grout may increase depending on the chemical 
reactions during the curing period.  
 
According to Bockenheimer et al [16. In this study, the rheological 
properties, development of mechanical strength, bleeding, setting time 
and resistance towards acid erosion of thick superplasticizer grouts 
containing different dosages of epoxy resin were investigated. It was 
found that all w/c grouts containing epoxy resin exhibited higher values 
than the unmodified grouts.  The experiments were carried out by 
Costas et al. [17] using a common type of Portland cement (CEM I 52.5 
N). Epoxy and acrylic resin emulsions were used as polymer additives. 
Acrylic resin is an emulsion which consists of methyl methacrylate-acrylic 
acid copolymer. Table 2.1 shows the composition of grout whereas 
Table 2.2 shows the results on compressive strength and modulus 
elasticity. 
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Table 2.1: Composition of grout, Costas et al. [17] 
 
 
 
Table 2.2: Results of compressive strength and modulus elasticity, Costas 
et al. [17] 
 
3. Cement Grout Containing Different Superplasticizers 
Studies by Costas [18] stated that the strength of structural materials is 
dependent on the dosage and type of superplasticizer used.  
Superplasticizers are capable of reducing up to 30% of water demand 
during the preparation of concrete. The resulting water/cement ratio 
significantly increases both initial and final strength. It also improves 
concrete workability significantly without the need for additional water 
when it is added to ready-mixed concrete. Besides, superplasticizers 
contribute to better cement hydration, facilitate the compaction of 
concrete, reduce segregation and bleeding and improve pumpability. 
Plus, it can reduce setting shrinkage (crack prevention) and creep of 
concrete. In addition, it can also improve water impermeability, 
resistance to carbonation and chloride ion attack, freezing and thawing 
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durability, and the adhesion between steel and concrete. Finally, it is 
also compatible with all types of Portland cement. Both superplasticizers 
used by Costas [18] are commercial products with the trade names 
Adium 110 (Polycarboxylate ether/PCE) and Sikament 240 (Sulphonated 
naphthalene formaldehyde/SNF) and are distributed by Isomat SA and 
Sika AG, respectively. The designation is based on various formulations. 
Table 3.1 and Table 3.2 show the dosage used and the compressive 
strength results respectively. 
 
Table 3.1: Dosage of superplasticizer in various grouts, Costas [18] 
 
Table 3.2: Compressive strength results, Costas [18] 
 
4. Cement Grout Containing Different Fillers 
According to Burak F. [19], self-compacting filling grouts (SCFG) require 
high viscosity as well as high deformability. When the fluidity is enhanced 
by incorporating a high-range water reducer, the adverse effect of 
fluidity on the reduction of stability can be limited providing that the 
water/cement ratio (w/c) and sand content remain constant.  Based on 
the experiments conducted by Burak F [19], the addition of 
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superplasticizer to concrete specimens cured for 3, 7 and 28 days 
respectively improved cement dispersion mechanisms and resulted in 
higher compressive strength values. The fillers used were Erkoc Micronize 
(EM), Ozture Kalsit (OK) and Ozture Modifiye (OM). In 3 days, the 
compressive strength graph showed a decreasing trend due to the high 
percentage of mineral filler replacement. Different results were obtained 
depending on the curing period. After 7 days, the EM mineral 
experienced an improvement in strength at 10% replacement but 
decreased in strength when there was a high percentage of mineral 
filler replacement. After 28 days, OM mineral also showed an 
improvement in strength at 10% replacement but it was lower than that 
of the EM mineral. 
 Burak Felekog˘lu [19] also stated that the incorporation of fillers in 
different ratios has a positive effect on the rheological properties and 
mechanical properties of the fresh cement pastes. Lim Siong Kang et al 
[20] focused on the production of a suitable mix proportion for resin 
grout which is formed by resin-hardener/initiator system as the binder, 
fine aggregates and ground granulated blast furnace slag (GGBFS) as 
the filler. It was found that the micro fine GGBFS reduced the heat of 
reaction during the polymerisation of epoxy matrix. Its curing time and 
the elasticity of the casting samples improved. Brittleness was reduced 
as the slag content increases. Based on the results, the filler managed to 
fill up the pores in the grout thereby enhancing its performance and 
strength.  
5. Effects of Different Sand Grading on Cement Grout 
Relatively few detailed studies have been reported on the influence of 
different sand fillers on the properties of cement mixes especially self-
compacting cement mortar. De Schutter and Poppe [7] noticed that 
sand type has a significant effect on the properties of cement mortar. 
The authors observed that geometrical parameters of sand based on 
the grading curve such as fineness modulus, relative specific surface 
and apparent weight can be correlated with the water demand of 
sand in the mortar Sand may also influence the properties of hardened 
mortars. Westerholm et al. [8] found that the viscosity of mortar was 
influenced by the content of fine aggregates which may increase with 
the increase of the total surface area of fine aggregates.  
 According to Haach et al. [9], cementitious-based mortars 
(cementitious to sand ratio = 1:3; cementitious = solely Portland cement 
or Portland cement + lime) prepared with finer sand fillers (passing 
through 1.18 mm sieve) required a higher w/c than that of the coarser 
sand fillers (passing through 4.75mm sieve) to achieve an equivalent 
consistency. Reddy and Gupta [10] observed that the cementitious-
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based mortar prepared with a finer sand filler required 25–30% more 
water to achieve the desired consistency compared to coarse sand 
fillers. The compressive strength does not seem to be affected by the 
sand grading. However, the sand grading could influence the 
dimensional stability and modulus of elasticity in the compression of 
cementitious-based mortars [9,10]. At the moment, there are still limited 
studies on the effect of sand grading on the long-term strength of self-
compacting cement mortar (CG).  
 It is therefore necessary to study the effect of sand grading on 
the strength of CG for concrete remedial work. This case study focuses 
on the effectiveness of three different sand fillers namely P1.18 mm, 
P0.90mm and P0.60mm on the workability and strength of cement 
grout. The production of cement grout (CG) in this study was carried out 
using raw materials namely ordinary Portland cement (OPC), oven dried 
river sand of different grades, and clean tap water. Localised OPC 
manufactured by YTL Cement was used as a binder. It complies with 
Type I Portland cement in accordance with ASTM C150. Table 4.1 shows 
the chemical composition and physical properties of the YTL branded 
OPC. Three categories of refined sand which passes through 1.18mm 
sieve (P1.18 mm), 0.90mm sieve (P 0.90 mm) and 0.60mm sieve (P0.60 
mm), respectively. The sand fillers used are classified as zone 4 fine sand 
with a fineness modulus between 1.48–2.01. 
Table 4.1: Chemical composition and physical properties of YTL OPC 
 
 
 
 
 
 
 
 
 
 
 Table 4.2 shows the comparison in strength for CGs of various 
ages and curing conditions corresponding to the P1.18 cement grout 
(reference mix) strength. The water-cement ratio for all the CG mixes 
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was fixed at 0.67. Through the comparison in strength, the influence of 
different sand grading on the strength of CGs was clearly shown. 
Despite some inconsistencies, the overall strength results suggested that 
the P0.60 sand grading contributed to the optimum strength of CG 
under both water and air-curing conditions, especially after a period of 
120 days. Several conclusions can be drawn from the experimental 
investigations where lower workability (w/c in the range of 0.61–0.63), a 
high cement-to-sand ratio (c/s = 1) and coarser sand fillers contributed 
to higher 7-day and 28-day CG compressive strengths than those with 
finer sand fillers. On the other hand, at a higher workability (w/c in the 
range of 0.65–0.67) and a higher cement-to-sand ratio (c/s = 1), finer 
sand fillers contributed to higher compressive, flexural and splitting 
tensile strengths in CGs. Besides, sand with finer grading has been found 
to have a better ability of holding internal moisture content in CGs. This 
could help in deferring the strength degradation of the specimens when 
they are exposed to tropical conditions. In other words, sands of finer 
grading are capable of producing CGs with higher durability than that 
of coarse grading.  
 In addition, the water curing condition assisted in developing 
solid CGs which possessed less porous microstructures under tropical 
weather. On the other hand, tropical air curing conditions retarded the 
long-term strength development as well as the long-term strength of the 
CG specimens. Lastly, the jig-section compressive strength of the CG 
prismatic specimens was higher than those of the CG cubic specimens. 
The differences in percentage ranged between 10–30%. 
Table 4.2: Influence of sand grading on the strength properties of grout 
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6. Conclusion  
Previous studies have stated that the performance and workability of 
cement grout are influenced by the type of admixtures added and 
sand grading. It has been proven that by changing the admixture and 
by using suitable sand grading, the performance of cement grout can 
be enhanced. More methods which can be used to improve cement 
grout performance need to be studied and tested before they can be 
incorporated in the construction industry.  
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